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L7 ANSWER 1 OF 25 CAPLUS COPYRIGHT 2006 ACS on STN 
ACCESSION NUMBER: 2006:52327 CAPLUS 
DOCUMENT NUMBER: 144:425241 
TITLE: Oncolytic activity of vesicular stomatitis 

virus in primary adult T-cell leukemia 
AUTHOR(S): Cesaire, R.; Oliere, S.; Sharif-Askari, E.; Loignon, 

M.; Lezin, A.; Olindo, S.; Panelatti, G.; Kazanji, M.; 

Aloyz, R.; Panasci, L.; Bell, J. C; Hiscott, J. 
CORPORATE SOURCE: Laboratoire de Virologie-Immunologie and, Centre 

Hospitalier Universitaire de Fort-de-France, 

Martinique, Fr. 
SOURCE: Oncogene (2006), 25(3), 349-358 

CODEN: ONCNES; ISSN: 0950-9232 
PUBLISHER: Nature Publishing Group 

DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB Treatments for hematol. malignancies have improved considerably over the 
past decade, but the growing therapeutic arsenal has not benefited adult 
T-cell leukemia (ATL) patients. Oncolytic viruses such as 
vesicular stomatitis virus (VSV) have recently emerged as a 
potential treatment of solid tumors and leukemias in vitro and in 
vivo. In the current study, we investigated the ability of 
VSV to lyse primary human T-lymphotropic virus type 1 
(HTLV-l)-infected T-lymphocytes from patients with ATL. Ex vivo 
primary ATL cells were permissive for VSV and underwent rapid 
oncolysis in a time-dependent manner. Importantly, VSV 
infection showed neither viral replication nor oncolysis in 
HTLV- 1 -infected, nonleukemic cells from patients with HTLV- 1 -assocd. 
myelopathy/tropical spastic paraparesis (HAM/TSP), and in naive CD4+ 
T-lymphocytes from normal individuals or in ex vivo cell samples 
from patients with chronic lymphocytic leukemia (CLL). Interestingly, 
activation of primary CD4+ T-lymphocytes with anti-CD3/CD28 monoclonal 
antibody, and specifically with anti-CD3, was sufficient to induce limited 
viral replication and oncolysis. However, at a similar level of T-cell 
activation, VSV replication was increased fourfold in ATL cells 
compared to activated CD4+ T-lymphocytes, emphasizing the concept that 
VSV targets genetic defects unique to tumor cells to facilitate 
its replication. In conclusion, our findings provide the first essential 
information for the development of a VS V-based treatment for 
ATL. 

REFERENCE COUNT: 56 THERE ARE 56 CITED REFERENCES 
AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 



L7 ANSWER 2 OF 25 CAPLUS COPYRIGHT 2006 ACS on STN 
ACCESSION NUMBER: 2005:421155 CAPLUS 
DOCUMENT NUMBER: 143:93884 

TITLE: Targeting human glioblastoma cells: Comparison of nine 

viruses with oncolytic potential 
AUTHOR(S): Wollmann, Guido; Tattersall, Peter; van den Pol, 

Anthony N. 

CORPORATE SOURCE: Department of Neurosurgery, Yale University School of 

Medicine, New Haven, CT, 06520, USA 
SOURCE: Journal of Virology (2005), 79(10), 6005-6022 

CODEN: JOVIAM; ISSN: 0022-538X 
PUBLISHER: American Society for Microbiology 

DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB Brain tumors classified as glioblastomas have proven refractory to 
treatment and generally result in death within a year of diagnosis. The 
authors used seven in vitro tests and one in vivo trial to 
compare the efficacy of nine different viruses for targeting human 
glioblastoma. Green fluorescent protein (GFP)-expressing vesicular 
stomatitis (VSV), Sindbis virus, pseudorabies virus (PRV), 
adeno-assocd. virus (AAV), and minute virus of mice i-strain (MVMi) and 
MVMp all infected glioblastoma cells. Mouse and human cytomegalovirus, 
and simian virus 40 showed only low levels of infection or GFP expression. 
VSV and Sindbis virus showed strong cytolytic actions and high 
rates of replication and spread, leading to an elimination of 
glioblastoma. PRV and both MVM strains generated more modest lytic 
effects and replication capacity. VSV showed a similar 
oncolytic profile on U-87 MG and M059J glioblastoma. In contrast, 
Sindbis virus showed strong preference for U-87 MG, whereas MVMi and MVMp 
preferred M059J. Sindbis virus and both MVM strains showed highly 
tumor-selective actions in glioblastoma plus fibroblast coculture. 
VSV and Sindbis virus were serially passaged on glioblastoma 
cells; we isolated a variant, VSV-rp30, that had increased 
selectivity and lytic capacity in glioblastoma cells. VSV and 
Sindbis virus were very effective at replicating, spreading within, and 
selectively killing human glioblastoma in an in vivo mouse 
model, whereas PRV and AAV remained at the injection site with minimal 
spread. Together, these data suggest that four (VSV, Sindbis 
virus, MVMi, and MVMp) of the nine viruses studied merit further anal, for 
potential therapeutic actions on glioblastoma. 

REFERENCE COUNT: 67 THERE ARE 67 CITED REFERENCES 

AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 
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ACCESSION NUMBER: 2004:953474 CAPLUS 

TITLE: Sensitivity of prostate tumors to wild type and M 

protein mutant vesicular stomatitis viruses 
AUTHOR(S): Ahmed, Maryam; Cramer, Scott D.; Lyles, Douglas S. 

CORPORATE SOURCE: Department of Biochemistry, Wake Forest University 

School of Medicine, Winston-Salem, NC, 27157, USA 
SOURCE: Virology (2004), 330(1), 34-49 

CODEN: VIRLAX; ISSN: 0042-6822 
PUBLISHER: Elsevier 
DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB Because of its potent ability to induce apoptosis, vesicular stomatitis 
virus (VSV) is an attractive candidate as an oncolytic 
virus for tumor therapy. Previous studies have suggested that VSV 
selectively infects tumor cells due to defects in their antiviral 
responses making them more susceptible to VSV infection than 
normal cells. We tested this hypothesis in the prostate tumor system by 
comparing LNCaP and PC-3 prostate tumor cells to benign human prostatic 
epithelial cells from patient prostatectomy specimens. We compared the 
cell killing ability of a recombinant virus contg. a wild-type (wt) M 
protein (rwt) and an isogenic M protein mutant virus (rM51R-M) that 
induces interferon (IFN) in infected cells and should display a greater 
selectivity for tumor cells. Our results showed that in single-cycle 
infection expts., LNCaP cells were sensitive to killing by both wt and 
mutant viruses, while PC-3 cells were highly resistant to VSV 
-induced cell killing. LNCaP and benign prostate cells were similarly 
susceptible to both viruses, indicating that normal prostate cells are not 
inherently resistant to killing by VSV. In each of the cell 
lines, the rM5 1R-M virus induced similar levels of apoptosis to rwt virus, 
showing that the M protein does not play a significant role in apoptosis 
induction by VSV in these cells. In multiple-cycle infection 
expts., LNCaP cells were more sensitive than benign prostatic epithelial 
cells to virus-induced cell killing by rM51R-M virus, but not rwt virus. 
Both viruses were equally effective at reducing LNCaP tumor vol. in 
vivo following intratumoral and i.v. inoculation in nude mice, 
while PC-3 tumors were resistant to VSV treatment. None of the 
mice treated with rM51R-M virus died as a result of virus infection, while 
50-71% of mice treated with rwt virus succumbed to virus infection. 
Similarly, when inoculated by the more sensitive intranasal route, the . 
rM51R-M virus was less pathogenic than the rwt virus from which it was 
derived. These results indicate that M protein mutant viruses are 
superior candidates as oncolytic viruses for therapies of 
prostate tumors, but future strategies for use of VSV will 
require testing individual tumors for their susceptibility to virus 
infection. 



REFERENCE COUNT: 38 THERE ARE 38 CITED REFERENCES 
AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 

L7 ANSWER 4 OF 25 CAPLUS COPYRIGHT 2006 ACS on STN 
ACCESSION NUMBER: 2004:824043 CAPLUS 
DOCUMENT NUMBER: 141:325690 
TITLE: VSV mutants contg. mutations in matrix 

protein capable of stimulating cytokine prodn. and 

shutting down innate immunity and use thereof as 

vaccines and anti-cancer agents 
INVENTOR(S): Bell, John C; Lichty, Brian D.; Stojdl, David F. 

PATENT ASSIGNEE(S): Ottawa Health Research Institute, Can.; Wellstat 

Biologies Corporation 
SOURCE: PCT Int. Appl., 93 pp. 

CODEN: PIXXD2 
DOCUMENT TYPE: Patent 
LANGUAGE: English 
FAMILY ACC. NUM. COUNT: 2 
PATENT INFORMATION: 

PATENT NO. KIND DATE APPLICATION NO. DATE 



WO 2004085659 A2 20041007 WO 2004-CA463 20040329 

WO 2004085659 A3 20041209 

W: AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, 
CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI, GB, GD, 
GE, GH, GM HR, HU, ID, 1L, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, NA, Nl, 
NO, NZ, OM PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, 
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM, ZW 
RW: BW, GH, GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW, AM, AZ, 
BY, KG, KZ, MD, RU, TJ, TM, AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PL, PT, RO, SE, SI, 
SK, TR, BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, 
TD, TG 

CN 1788088 A 20060614 CN 2004-80008416 20040329 
PRIORITY APPLN. INFO.: US 2003-45759 IP P 20030327 

AB The present invention provides mutant viruses with a decreased ability to 
block nuclear transport of mRNA or protein in an infected cell which are 
attenuated in vivo. The mutant viruses of the present invention 
may also be capable of triggering the anti-viral systems of normal host 
cells while remaining sensitive to the effects of these systems. The 
mutant viruses contain single, double or triple mutation(s) in matrix 
protein, such as M51R, M51 A, M51-54A, DELTA.M51, DELTA.M51-54, 



.DELTA.M51-57, V221F, S226R, .DELTA.V221-S226, M51X, V221X, and S226X. 

In 

particular embodiments, interferon .beta, stimulation and 
oncolytic activity were demonstrated by two specific mutants AVI 
(T1026R) and AV2 (TP3) of the Indiana serotype of VSV, which are 
are selectively attenuated in interferon-responsive cells. AVI and AV2 
were tested in a xenograft model of human ovarian cancer and in an immune 
competent mouse model of metastatic colon cancer. While highly attenuated 
for growth in normal mice, both AVI and AV2 effected complete and durable 
cures in the majority of treated animals when delivered systemically. The 
present invention further provides for the use of the mutant viruses in a 
range of applications including, but not limited to, as therapeutics for 
the treatment of cancer and infections, as vaccines and adjuvants, as 
viral vectors, and as oncolytic and cytolytic agents for the 
selective lysis of malignant or infected cells. 

L7 ANSWER 5 OF 25 CAPLUS COPYRIGHT 2006 ACS on STN 
ACCESSION NUMBER: 2004:824042 CAPLUS 
DOCUMENT NUMBER: 141 :325689 
TITLE: Mutant vesicular stomatitis viruses containing 

mutations in matrix protein capable of stimulating 

cytokine production and shutting down innate immunity 

and use thereof as vaccines and anti-cancer agents 
INVENTOR(S): Bell, John C; Lichty, Brian D.; Stojdl, David F. 

PATENT ASSIGNEE(S): Ottawa Health Research Institute, Can.; Wellstat 

Biologies Corporation 
SOURCE: PCT Int. Appl., 106 pp. 

CODEN: PIXXD2 
DOCUMENT TYPE: Patent 
LANGUAGE: English 
FAMILY ACC. NUM. COUNT: 2 
PATENT INFORMATION: 

PATENT NO. KIND DATE APPLICATION NO. DATE 



WO 2004085658 Al 20041007 WO 2004-CA460 20040329 
W: AE, AG, AL, AM, AT, AU, AZ, BA BB, BG, BR, BW, BY, BZ, CA CH, 
CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI, GB, GD, 
GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, NA NL 
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, 
TJ, TM, TN, TR, TT, TZ, UA UG, US, UZ, VC, VN, YU, ZA ZM, ZW 
RW: BW, GH, GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW, AM, AZ, 
BY, KG, KZ, MD, RU, TJ, TM, AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, HU, EE, IT, LU, MC, NL, PL, PT, RO, SE, SI, 
SK, TR, BF, BJ, CF, CG, CI, CM, GA GN, GQ, GW, ML, MR, NE, SN, 



TD, TG 

AU 2004223808 Al 20041007 AU 2004-223808 20040329 
CA 2520279 AA 20041007 C A 2004-2520279 20040329 
EP 1606411 Al 20051221 EP 2004-723949 20040329 
R: AT, BE, CH, DE, DK, ES, FR, GB, GR, IT, LI, LU, NL, SE, MC, PT, 
IE, SI, LT, LV, FI, RO, MK, CY, AL, TR, BG, CZ, EE, HU, PL, SK 
CN 1788088 A 20060614 CN 2004-80008416 20040329 

PRIORITY APPLN. INFO.: US 2003-45759 IP P 20030327 

WO 2004-CA460 W 20040329 

AB The present invention provides mutant viruses with a decreased ability to 
block nuclear transport of mRNA or protein in an infected cell which are 
attenuated in vivo. The mutant viruses of the present invention 
may also be capable of triggering the anti-viral systems of normal host 
cells while remaining sensitive to the effects of these systems. The 
mutant viruses contain single, double or triple mutation(s) in matrix 
protein, such as M51R, M51A, M51-54A DELTAM51, DELTAM51-54, 
DELTAM51-57, V221F, S226R, .DELTA.V221-S226, M51X, V221X, and S226X. 

In 

particular embodiments, interferon beta, stimulation and 
oncolytic activity were demonstrated by two specific mutants AVI 
(T1026R) and AV2 (TP3) of the Indiana serotype of VSV, which are 
are selectively attenuated in interferon-responsive cells. AVI and AV2 
were tested in a xenograft model of human ovarian cancer and in an immune 
competent mouse model of metastatic colon cancer. While highly attenuated 
for growth in normal mice, both AVI and AV2 effected complete and durable 
cures in the majority of treated animals when delivered systemically. The 
present invention further provides for the use of the mutant viruses in a 
range of applications including, but not limited to, as therapeutics for 
the treatment of cancer and infections, as vaccines and adjuvants, as 
viral vectors, and as oncolytic and cytolytic agents for the 
selective lysis of malignant or infected cells. 

REFERENCE COUNT: 1 1 THERE ARE 1 1 CITED REFERENCES 

AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 

L7 ANSWER 6 OF 25 CAPLUS COPYRIGHT 2006 ACS on STN 

ACCESSION NUMBER: 2004:725783 CAPLUS 

TITLE: Vesicular Stomatitis Virus: A Potential Therapeutic 

Virus for the Treatment of Hematologic Malignancy 
AUTHOR(S): Lichty, Brian D. ; Stojdl, David F. ; Taylor, Rebecca 

A; Miller, Leigh; Frenkel, Irina; Atkins, Harold; 

Bell, John C. 

CORPORATE SOURCE : Ottawa Regional Cancer Centre Research Laboratories, 

Ottawa, ON, K1H 1C4, Can. 
SOURCE: Human Gene Therapy (2004), 1 5(9), 82 1 -83 1 

CODEN: HGTHE3; ISSN: 1043-0342 



PUBLISHER: Mary Ann Liebert, Inc. 

DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB Certain strains of vesicular stomatitis virus (VSV) have been 
shown to be oncolytic in a wide variety of solid tumors. In the 
present study, we tested the leukemolytic properties of VSV 
using established leukemia cell lines and primary patient material. 
VSV efficiently killed essentially all leukemic cell lines. In 
contrast, however, normal clonogenic bone marrow progenitor cells and 
peripheral blood cells were remarkably refractory to infection by 
VSV. By exploiting this large difference in susceptibility to 
infection we successfully purged contaminating leukemic cells from 
cultures of peripheral blood progenitor cells (PBPC) using VSV. 
VSV was also able to infect and kill leukemic cells in primary 
samples taken from patients with multiple myeloma (MM). This study 
demonstrates the potential utility of VSV in the treatment, both 
ex vivo and in vivo, of hematol. malignancies. 

REFERENCE COUNT: 43 THERE ARE 43 CITED REFERENCES 

AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 

L7 ANSWER 7 OF 25 CAPLUS COPYRIGHT 2006 ACS on STN 
ACCESSION NUMBER: 2004:706181 CAPLUS 
DOCUMENT NUMBER: 141 :346449 
TITLE: Replication and cytopathic effect of oncolytic 

vesicular stomatitis virus in hypoxic tumor cells in 

vitro and in vivo 

AUTHOR(S): Connor, John H.; Naczki, Christine; Koumenis, Costas; 

Lyles, Douglas S. 

CORPORATE SOURCE: Department of Biochemistry, Wake Forest University 

School of Medicine, Winston-Salem, NC, USA 
SOURCE: Journal of Virology (2004), 78(17), 8960-8970 

CODEN: JOVIAM; ISSN: 0022-538X 
PUBLISHER: American Society for Microbiology 

DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB Tumor hypoxia presents an obstacle to the effectiveness of most antitumor 
therapies, including treatment with oncolytic viruses. In 
particular, an oncolytic virus must be resistant to the 
inhibition of DNA, RNA, and protein synthesis that occurs during hypoxic 
stress. Here, the authors show that vesicular stomatitis virus ( 
VSV), an oncolytic RNA virus, is capable of replication 
under hypoxic conditions. In cells undergoing hypoxic stress, VSV 
infection produced larger amts. of mRNA than under normoxic conditions. 
However, translation of these mRNAs was reduced at earlier times 
postinfection in hypoxia-adapted cells than in normoxic cells. At later 



times postinfection, VSV overcame a hypoxia-assocd. increase in 
.alpha, subunit of eukaryotic initiation factor 2 (eIF-2.alpha.) 
phosphorylation and initial suppression of viral protein synthesis in 
hypoxic cells to produce large amts. of viral protein. VSV 
infection caused the dephosphorylation of the translation initiation 
factor eIF-4E and inhibited host translation similarly under both normoxic 
and hypoxic conditions. VSV produced progeny virus to similar 
levels in hypoxic and normoxic cells and showed the ability to expand from 
an initial infection of 1% of hypoxic cells to spread through an entire 
population. In all cases, virus infection induced classical cytopathic 
effects and apoptotic cell death. When VSV was used to treat 
tumors established in nude mice, the authors found VSV 
replication in hypoxic areas of these tumors. This occurred whether the 
virus was administered intratumorally or i.v. These results show for the 
first time that VSV has an inherent capacity for infecting and 
killing hypoxic cancer cells. This ability could represent a crit. 
advantage over existing therapies in treating established tumors. 

REFERENCE COUNT: 39 THERE ARE 39 CITED REFERENCES 

AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 

L7 ANSWER 8 OF 25 CAPLUS COPYRIGHT 2006 ACS on STN 
ACCESSION NUMBER: 2004:534872 CAPLUS 
DOCUMENT NUMBER: 1 42 : 1 63 5 1 

TITLE: Recombinant vesicular stomatitis virus vectors as 

oncolytic agents in the treatment of 

high-grade gliomas in an organotypic brain tissue 

slice-glioma coculture model 
AUTHOR(S): Duntsch, Christopher D.; Zhou, Qihong; Jayakar, 
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AB Object: The purpose of this study was to evaluate both 

replication-competent and replication-restricted recombinant vesicular 
stomatitis virus (VSV) vectors as therapeutic agents for 
high-grade gliomas by using an organotypic brain tissue slice-glioma 
coculture system. Methods: The coculture system involved growing 
different brain structures together to allow neurons from these tissues to 



develop synaptic connections similar to those found in vivo. 

Rat C6 or human U87 glioma cells were then introduced into the culture to 

evaluate VSV as an oncolytic therapy. The authors 

found that recombinant wild-type VSV (rVSV-wt) rapidly 

eliminated C6 glioma cells from the coculture, but also caused significant 

damage to neurons, as measured by a loss of microtubule-assocd. protein 2 

immunoreactivity and a failure in electrophysiol responses from neurons 

in the tissue slice. Nonetheless, pretreatment with interferon beta 

(IFN.beta.) virtually eliminated VSV infection in healthy 

tissues without impeding any oncolytic effects on tumor cells. 

Despite the protective effects of the IFN.beta. pretreatment, the tissue 

slices still showed signs of cytopathol. when exposed to rVSV-wt. In 

contrast, pretreatment with IFN.beta. and inoculation with a 

replication-restricted vector with its glycoprotein gene deleted 

(rVSV-.DELTA G) effectively destroyed rat C6 and human U87 glioma cells in 

the coculture, without causing detectable damage to the neuronal integrity 

and electrophysiol. properties of the healthy tissue in the culture. 

Conclusions: Data in this study provide in vitro proof-of-principle that 

rVSV-.DELTA.G is an effective oncolytic agent that has minimal 

toxic side effects to neurons compared with rVSV-wt and therefore should 

be considered for development as an adjuvant to surgery in the treatment 

of glioma. 
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AB Vesicular stomatitis virus (VSV) selectively replicates in tumor 
but not in normal cells and is being developed as an oncolytic 
agent for cancer therapy. Here we report the construction of a 



recombinant VS V capable of inducing syncytia formation between 
tumor cells through membrane fusion at neutral pH, which led to enhanced 
oncolytic properties against multifocal hepatocellular carcinoma 
(HCC) in the livers of immunocompetent rats. Recombinant VS V 
vectors were constructed by insertion into their genome a transcription 
unit expressing a control or fusion protein derived from Newcastle disease 
virus. In vitro characterization of the recombinant fusogenic VSV 
vector on human and rat HCC cells showed extensive syncytia formation and 
significantly enhanced cytotoxic effects. In vivo, 
administration of fiisogenic VSV into the hepatic artery of 
Buffalo rats bearing syngeneic multifocal HCC lesions in their livers 
resulted in syncytia formation exclusively within the tumors, and there 
was no collateral damage to the neighboring hepatic parenchyma. The 
fusogenic VSV also conferred a significant survival advantage 
over a nonfiisogenic control virus in the treated animals (P = 0.0078, 
log-rank test). The results suggest that fusogenic VSV can be 
developed into an effective and safe therapeutic agent for cancer 
treatment in patients, including those with multifocal HCC in the liver. 
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AB Vesicular stomatitis virus (VSV) has recently been demonstrated 
to exhibit significant oncolytic capabilities against a wide 
variety of tumor models in vitro and in vivo. To potentially 
enhance the oncolytic effect, we generated a novel recombinant 
VSV (rVS V) that expressed the fusion suicide gene Escherichia coli 
cytosine deaminase (CD)/uracil phosphoribosyltransferase (UPRT). RVSV 
encoding the CD/UPRT fusion gene (VSV-C:U) exhibited normal 
growth properties and generated high levels of biol. active CD/UPRT that 



could catalyze the modification of 5-fluorocytosine into chemotherapeutic 

5-fluorouracil (5-FU), which exhibited considerable bystander effect. 

Intratumoral inoculation of VSV-C:U in the presence of the 

systemically administered prodrug 5-fluorocytosine produced statistically 

significant redns. in the malignant growth of syngeneic lymphoma (A20) or 

mammary carcinoma (TSA) in BALB/c mice compared with rVSV treatments or 

with control 5-FU alone. Aside from detecting prolonged therapeutic 

levels of 5-FU in VSV-C:U-treated animals harboring TSA tumors 

and enhancing bystander killing of tumor cells, we demonstrated marked 

activation of IFN-.gamma.-secreting cytotoxic T cells by enzyme-linked 

immunospot anal, that may have also facilitated tumor killing. In 

conclusion, the insertion of the fusion CD/UPRT suicide gene potentiates 

the oncolytic efficiency of VSV by generating a strong 

bystander effect and by contributing to the activation of the immune 

system against the tumor without detrimentally altering the kinetics of 

virus-mediated oncolysis and may be useful in the treatment of malignant 

disease. 
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AB Vesicular stomatitis virus (VSV) is a neg. -stranded RNA virus 
normally sensitive to the antiviral actions of alpha/beta interferon 
(IFN-.alpha./.beta.). Recently, the authors reported that VSV 
replicates to high levels in many transformed cells due, in part, to 
susceptible cells harboring defects in the IFN system. These observations 
were exploited to demonstrate that VSV can be used as a viral 
oncolytic agent to eradicate malignant cells in vivo 
while leaving normal tissue relatively unaffected. To attempt to improve 
the specificity and efficacy of this system as a potential tool in gene 
therapy and against malignant disease, the authors have genetically 



engineered VSV that expresses the murine IFN-.beta. gene. The 
resultant virus (VSV-IFN.beta.) was successfully propagated in 
cells not receptive to murine IFN-.alpha./.beta. and expressed high levels 
of functional heterologous IFN-.beta.. In normal murine embryonic 
fibroblasts (MEFs), the growth of VSV-IFN.beta. was greatly 
reduced and diminished cytopathic effect was obsd. due to the prodn. of 
recombinant IFN-.beta., which by functioning in a manner involving 
autocrine and paracrine mechanisms induced an antiviral effect, preventing 
virus growth. However, VSV-IFN.beta. grew to high levels and 
induced the rapid apoptosis of transformed cells due to defective IFN 
pathways being prevalent and thus unable to initiate proficient 
IFN-mediated host defense. Importantly, VSV expressing the 
human IFN-.beta. gene (VSV-hlFN.beta.) behaved comparably and, 
while nonlytic to normal human cells, readily killed their malignant 
counterparts. Similar to the authors' in vitro observations, following 
i.v. and intranasal inoculation in mice, recombinant VSV 
(rVSV)-IFN.beta. was also significantly attenuated compared to wild-type 
VSV or rVSV expressing green fluorescent protein. However, 
VSV-IFN.beta. retained propitious oncolytic activity 
against metastatic lung disease in immunocompetent animals and was able to 
generate robust antitumor T-cell responses. The authors' data indicate 
that rVSV designed to exploit defects in mechanisms of host defense can 
provide the basis for new generations of effective, specific, and safer 
viral vectors for the treatment of malignant and other disease. 
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AB We have recently shown that vesicular stomatitis virus (VSV) 



exhibits potent oncolytic activity both in vitro and in 

vivo. In this study, we further demonstrated, in vivo, 

the efficacy of VSV antitumor action by showing that tumors that 

are defective in p53 function or transformed with myc or activated ras are 

also susceptible to viral cytolysis. The mechanism of viral 

oncolytic activity involved the induction of multiple 

caspase-dependent apoptotic pathways was effective in the absence of any 

significant cytotoxic T-lymphocyte response, and occurred despite normal 

PKR activity and eIF2. alpha, phosphorylation. In addn., VSV 

caused significant inhibition of tumor growth when administered i.v. in 

immunocompetent hosts. Our data indicate that VSV shows 

significant promise as an effective oncolytic agent against a 

wide variety of malignant diseases that harbor a diversity of genetic 

defects. 
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AB Treatments for hematological malignancies have improved considerably over 
the past decade, but the growing therapeutic arsenal has not benefited 
adult T-cell leukemia (ATL) patients. Oncolytic viruses such as 
vesicular stomatitis virus (VSV) have recently emerged as a 
potential treatment of solid tumors and leukemias in vitro and in 
vivo. In the current study, we investigated the ability of 
VSV to lyse primary human T-lymphotropic virus type 1 (HTLV-1)- 



infected T-lymphocytes from patients with ATL. Ex vivo primary 
ATL cells were permissive for VSV and underwent rapid oncolysis 
in a time-dependent manner. Importantly, VSV infection showed 
neither viral replication nor oncolysis in HTLV1- infected, nonleukemic 
cells from patients with HTLV-1 associated myelopathy/ tropical spastic 
paraparesis (HAM/TSP), and in naive CD4+ T- lymphocytes from normal 
individuals or in ex vivo cell samples from patients with 
chronic lymphocytic leukemia (CLL). Interestingly, activation of primary 
CD4+ T- lymphocytes with antiCD3/ CD28 monoclonal antibody, and 
specifically with anti-CD3, was sufficient to induce limited viral 
replication and oncolysis. However, at a similar level of T- cell 
activation, VSV replication was increased fourfold in ATL cells 
compared to activated CD4+ T- lymphocytes, emphasizing the concept that 
VSV targets genetic defects unique to tumor cells to facilitate 
its replication. In conclusion, our findings provide the first essential 
information for the development of a VSV-based treatment for 
ATL. 
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AB Brain tumors classified as glioblastomas have proven refractory to 
treatment and generally result in death within a year of diagnosis. We 
used seven in vitro tests and one in vivo trial to compare the 
efficacy of nine different viruses for targeting human glioblastoma. 
Green fluorescent protein (GFP)-expressing vesicular stomatitis ( 
VSV), Sindbis virus, pseudorabies virus (PRV), adeno-associated 
virus (AAV), and minute virus of mice i-strain (MVMi) and MVMp all 
infected glioblastoma cells. Mouse and human cytomegalovirus, and simian 
virus 40 showed only low levels of infection or GFP expression. 



VSV and Sindbis virus showed strong cytolytic actions and high 

rates of replication and spread, leading to an elimination of 

glioblastoma. PRV and both MVM strains generated more modest lytic 

effects and replication capacity. VSV showed a similar 

oncolytic profile on U-87 MG and M059J glioblastoma. In contrast, 

Sindbis virus showed strong preference for U-87 MG, whereas MVMi and MVMp 

preferred M059J. Sindbis virus and both MVM strains showed highly 

tumor-selective actions in glioblastoma plus fibroblast coculture. 

VSV and Sindbis virus were serially passaged on glioblastoma 

cells; we isolated a variant, VSV-rp30, that had increased 

selectivity and lytic capacity in glioblastoma cells. VSV and 

Sindbis virus were very effective at replicating, spreading within, and 

selectively killing human glioblastoma in an in vivo mouse 

model, whereas PRV and AAV remained at the injection site with minimal 

spread. Together, these data suggest that four (VSV, Sindbis 

virus, MVMi, and MVMp) of the nine viruses studied merit further analysis 

for potential therapeutic actions on glioblastoma. 
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AB Because of its potent ability to induce apoptosis, vesicular stomatitis 
virus (VSV) is an attractive candidate as an oncolytic 
virus for tumor therapy. Previous studies have suggested that VSV 
selectively infects tumor cells due to defects in their antiviral 
responses making them more susceptible to VSV infection than 
normal cells. We tested this hypothesis in the prostate tumor system by 
comparing LNCaP and PC-3 prostate tumor cells to benign human prostatic 
epithelial cells from patient prostatectomy specimens. We compared the 
cell killing ability of a recombinant virus containing a wild-type (wt) M 



protein (rwt) and an isogenic M protein mutant virus (rM51R-M) that 
induces interferon (IFN) in infected cells and should display a greater 
selectivity for tumor cells. Our results showed that in single-cycle 
infection experiments, LNCaP cells were sensitive to killing by both wt 
and mutant viruses, while PC-3 cells were highly resistant to VSV 
-induced cell killing. LNCaP and benign prostate cells were similarly 
susceptible to both viruses, indicating that normal prostate cells are not 
inherently resistant to killing by VSV. In each of the cell 
lines, the rM51R-M virus induced similar levels of apoptosis to rwt virus, 
showing that the M protein does not play a significant role in apoptosis 
induction by VSV in these cells. In multiple^cycle infection 
experiments, LNCaP cells were more sensitive than benign prostatic 
epithelial cells to virus-induced cell killing by rM51R-M virus, but not 
rwt virus. Both viruses were equally effective at reducing LNCaP tumor 
volume in vivo following intratumoral and intravenous 
inoculation in nude mice, while PC-3 tumors were resistant to VSV 
treatment. None of the mice treated with rM51R-M virus died as a result 
of virus infection, while 50-71% of mice treated with rwt virus succumbed 
to virus infection. Similarly, when inoculated by the more sensitive 
intranasal route, the rM51R-M virus was less pathogenic than the rwt virus 
from which it was derived. These results indicate that M protein mutant 
viruses are superior candidates as oncolytic viruses for 
therapies of prostate tumors, but future strategies for use of VSV 
will require testing individual tumors for their susceptibility to virus 
infection. Copyright 2004 Elsevier Inc. All rights reserved. 
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AB Vesicular stomatitis virus (VS V) has been shown to replicate 
rapidly in vitro and kill selectively a variety of tumor cell lines. The 
present study was designed to determine whether gemcitabine potentiates 
the antitumor activity of VSV in vitro and in vivo. 

A549 human lung adenocarcinoma cells and LLC Lewis lung carcinoma cells 

were treated with VSV (0. 1-10 plaque-forming units per cell) 

plus gemcitabine (20 nM to 20 muM). Mice bearing A549 or LLC were treated 

with VSV (5 x 104 to 1 x 108 plaque-forming units) daily for 5 

days plus gemcitabine (5-125 mg/kg/day) once every 3 days for 4 times. 

Induction of apoptosis and effects on growth inhibition were assessed. 

The lung cancer cells treated with VSV plus gemcitabine 

displayed the apparently increased apoptotic cells compared with treatment 

with VSV or gemcitabine alone. The combined treatment with 

VSV plus gemcitabine induced the apparent antitumor activity with 

complete regression of the established lung cancer in both A549 and LLC 

lung cancer models and augmented the induction of apoptosis in lung cancer 

cells in vivo as well. This study suggests that the combined 

treatment with VSV plus gemcitabine may augment the induction of 

apoptosis in lung cancer cells in vitro and in vivo, and that 

the augmented antitumor activity in vivo may result from the 

increased induction of apoptosis in lung cancer cells. The present 

findings may be of importance to the further exploration of the potential 

application of this combined approach in the treatment of lung cancer. 

Copyright 2004 Wiley-Liss, Inc. 
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AB. Tumor hypoxia presents an obstacle to the effectiveness of most antitumor 
therapies, including treatment with oncolytic viruses. In 
particular, an oncolytic virus must be resistant to the 
inhibition of DNA, RNA, and protein synthesis that occurs during hypoxic 
stress. Here we show that vesicular stomatitis virus (VS V), an 
oncolytic RNA virus, is capable of replication under hypoxic 
conditions. In v cells undergoing hypoxic stress, VS V infection 
produced larger amounts of mRNA than under normoxic conditions. However, 
translation of these mRNAs was reduced at earlier times postinfection in 
hypoxia-adapted cells than in normoxic cells. At later times 
postinfection, VSV overcame a hypoxia-associated increase in ox 
subunit of eukaryotic initiation factor 2 (eIF-2alpha) phosphorylation and 
initial suppression of viral protein synthesis in hypoxic cells to produce 
large amounts of viral protein. VSV infection caused the 
dephosphorylation of the translation initiation factor eIF-4E and 
inhibited host translation similarly under both normoxic and hypoxic 
conditions. VSV produced progeny virus to similar levels in 
hypoxic and normoxic cells and showed the ability to expand from an 
initial infection of 1% of hypoxic cells to spread through an entire 
population. In all cases, virus infection induced classical cytopathic 
effects and apoptotic cell death. When VSV was used to treat 
tumors established in nude mice, we found VSV replication in 
hypoxic areas of these tumors. This occurred whether the virus was 
administered intratumorally or intravenously. These results show for the 
first time that VSV has an inherent capacity for infecting and 
killing hypoxic cancer cells. This ability could represent a critical 
advantage over existing therapies in treating established tumors. 
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AB Certain strains of vesicular stomatitis virus (VSV) have been 
shown to be oncolytic in a wide variety of solid tumors. In the 
present study, we tested the leukemolytic properties of VSV 
using established leukemia cell lines and primary patient material. 
VSV efficiently killed essentially all leukemic cell lines. In 
contrast, however, normal clonogenic bone marrow progenitor cells and 
peripheral blood cells were remarkably refractory to infection by 
VSV. By exploiting this large difference in susceptibility to 
infection we successfully purged contaminating leukemic cells from 
cultures of peripheral blood progenitor cells (PBPC) using VSV. 
VSV was also able to infect and kill leukemic cells in primary 
samples taken from patients with multiple myeloma ( MM). This study 
demonstrates the potential utility of VSV in the treatment, both 
ex vivo and in vivo, of hematologic malignancies. 
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AB Vesicular stomatitis virus; (VSV) selectively replicates in 



tumor but not in normal cells and is being developed as an 

oncolytic agent for cancer therapy. Here we report the 

construction of a recombinant VSV capable of inducing syncytia 

formation between tumor cells through membrane fusion at neutral pH, which 

led to enhanced oncolytic properties against multifocal 

hepatocellular carcinoma (HCC) in the livers of immunocompetent rats. 

Recombinant VSV vectors were constructed by insertion into their 

genome a transcription unit expressing a control or fusion protein derived 

from Newcastle disease virus. In vitro characterization of the 

recombinant fiisogenic VSV vector on human and rat HCC cells 

showed extensive syncytia formation and significantly enhanced cytotoxic 

effects, lit vivo, administration of fusogenic VSV 

into the hepatic artery of Buffalo rats bearing syngeneic multifocal HCC 

lesions in their livers resulted in syncytia formation exclusively within 

the tumors, and there was no collateral damage to the neighboring hepatic 

parenchyma. The fusogenic VSV also conferred a significant 

survival advantage over a nonfusogenic control virus in the treated 

animals (P = 0.0078, log-rank test). The results suggest that fusogenic 

VSV can be developed into an effective and safe therapeutic agent 

for cancer treatment in patients, including those with multifocal HCC in 

the liver. 
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AB We have developed an in vitro organotypic brain slice-glioma co-culture 
model to evaluate vesicular stomatitis virus (VSV) vectors as 
potential oncolytic therapeutic agents for high-grade gliomas. 
The brain slices of post-natal day 1-2 rats were used to develop the slice 
culture. Cortex, striatum, and substantia nigra were dissected out and 
placed on a porous membrane on coverslips. The slices were cultured at 
35degreeC for 2 wk allowing neurons to develop synaptic connections 
similar to that found in vivo. The C6-GFP glioma cells 
resuspended in methylcellulose were then introduced into the culture 
resulting in a tumor cluster 2-3 d after inoculation. Using a 
recombinant, wild-type, VSV (rVSV-wt), we found that C6 glioma 
cells were rapidly eliminated from the co-culture, but with significant 
damage to neurons as evaluated by loss of MAP-2 immunoreactivity. 
However, pretreatment with interferon-beta (IFNbeta) virtually eliminated 
VSV infection of normal tissue without reducing the 
oncolytic effects on tumor cells. But IFNbeta pretreatment could 
not prevent normal tissue from damaging when exposed to rVSV-wt. In 
contrast, a replication-restricted vector that has the glycoprotein gene 
deleted (rVSV-DELTAG), in combination with IFNbeta pretreatment, could 
effectively eliminate glioma cells growth in the slice without causing 
significant infection or damage to the cells of normal tissue in the 
co-culture. In summary, this co-culture model is a powerful tool for . 
therapeutic studies of the CNS that allows studies of normal tissue 
toxicity and tumor lytic efficacy simultaneously. These in vitro studies 
provide that rVSV-DELTAG is an effective oncolytic agent with 
minimal toxicity and therefore, could be considered for development as an 
adjuvant to surgery in the treatment of glioma. 
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AB Vesicular stomatitis virus (VSV) has recently been demonstrated 
to exhibit significant oncolytic capabilities against a wide 
variety of tumor models in vitro and in vivo. To potentially 
enhance the oncolytic effect, we generated a novel recombinant 
VSV (rVS V) that expressed the fusion suicide gene Escherichia coli 
cytosine deaminase (CD)/uracil phosphoribosyltransferase (UPRT). rVSV 
encoding the CD/UPRT fusion gene (VSV-C:U) exhibited normal 
growth properties and generated high levels of biologically active CD/UPRT 
that could catalyze the modification of 5-fluorocytosine into 
chemotherapeutic 5-fluorouracil (5-FU), which exhibited considerable 
bystander effect. Intratumoral inoculation of VSV-C:U in the 
presence of the systemically administered prodrug 5-fluorocytosine 
produced statistically significant reductions in the malignant growth of 
syngeneic lymphoma (A20) or mammary carcinoma (TSA) in BALB/c mice 
compared with rVSV treatments or with control 5-FU alone. Aside from 
detecting prolonged therapeutic levels of 5-FU in VSV 
-C:U-treated animals harboring TSA tumors and enhancing bystander killing 
of tumor cells, we demonstrated marked activation of IFN-gamma-secreting 
cytotoxic T cells by enzyme-linked immunospot analysis that may have also 
facilitated tumor killing. In conclusion, the insertion of the fusion 
CD/UPRT suicide gene potentiates the oncolytic efficiency of 
VSV by generating a strong bystander effect and by contributing to 
the activation of the immune system against the tumor without 
detrimentally altering the kinetics of virus-mediated oncolysis and may be 
useful in the treatment of malignant disease. 
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AB Vesicular stomatitis virus (VSV) is a negative-stranded RNA 

virus normally sensitive to the antiviral actions of alpha/beta interferon 
(IFN-alpha/beta). Recently, we reported that VSV replicates to 
high levels in many transformed cells due, in part, to susceptible cells 
harboring defects in the IFN system. These observations were exploited to 
demonstrate that VSV can be used as a viral oncolytic 
agent to eradicate malignant cells in vivo while leaving normal 
tissue relatively unaffected. To attempt to improve the specificity and 
efficacy of this system as a potential tool in gene therapy and against 
malignant disease, we have genetically engineered VSV that 
expresses the murine IFN-beta gene. The resultant virus (VSV 
-IFNbeta) was successfully propagated in cells not receptive to murine 
IFN-alpha/beta and expressed high levels of functional heterologous 
IFN-beta. In normal murine embryonic fibroblasts (MEFs), the growth of 
VS V-IFNbeta was greatly reduced and diminished cytopathic effect 
was observed due to the production of recombinant IFN-beta, which by 
functioning in a manner involving autocrine and paracrine mechanisms 
induced an antiviral effect, preventing virus growth. However, 
VS V-IFNbeta grew to high levels and induced the rapid apoptosis of 
transformed cells due to defective IFN pathways being prevalent and thus 
unable to initiate proficient IFN-mediated host defense. Importantly, 
VSV expressing the human IFN-beta gene (VSV-hlFNbeta) 
behaved comparably and, while nonlytic to normal human cells, readily 
killed their malignant counterparts. Similar to our in vitro 
observations, following intravenous and intranasal inoculation in mice, 
recombinant VSV (rVSV) IFNbeta was also significantly attenuated 
compared to wild-type VSV or rVSV expressing green fluorescent 
protein. However, VSV-IFNbeta retained propitious 
oncolytic activity against metastatic lung disease in 

immunocompetent animals and was able to generate robust antitumor T-cell 
responses. Our data indicate that rVSV designed to exploit defects in 
mechanisms of host defense can provide the basis for new generations of 
effective, specific, and safer viral vectors for the treatment of 
malignant and other disease. 
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AB The resistance of cancers to conventional therapies has inspired the 
search for novel strategies. One such approach, namely gene therapy, is 
based upon the introduction of genes such as those encoding suicide 
proteins, tumour suppressor proteins or cytokines into tumour cells by 
means of a genetic vector. The efficiency with which viruses transfer 
their genes from one host cell to another has led to the widespread use of 
viruses as genetic vectors. For safety reasons, such virus vectors are 
generally replication-defective but, unfortunately, this has limited the 
efficacy of treatment by restricting the number of cells to which the 
therapeutic gene is delivered. For this reason, the use of 
replication-competent viruses has been proposed, since virus replication 
would be expected to lead to amplification and spread of the therapeutic 
genes in vivo. The replication of many viruses results in lysis 
of the host cells. This inherent cytotoxicity, together with the 
efficiency with which viruses can spread from one cell to another, has 
inspired the notion that replication-competent viruses could be exploited 
for cancer treatment. Some viruses have been shown to replicate more 
efficiently in transformed cells but it is unlikely that such examples 
will exhibit a high enough degree of tumour selectivity, and hence safety, 
for the treatment of patients. Our increasing knowledge of the 
pathogenesis of virus disease and the ability to manipulate specific 
regions of viral genomes have allowed the construction of viruses that are 
attenuated in normal cells but retain their ability to lyse tumour cells. 
Such manipulations have included modifying the ability of viruses to bind 
to, or replicate in, particular cell types, while others have involved the 
construction of replication-competent viruses encoding suicide proteins or 
cytokines. Naturally occurring or genetically engineered 
oncolytic viruses based upon adenovirus, herpes simplex virus, 
Newcastle disease virus, poliovirus, vesicular stomatitis virus, weasles 
virus and reovirus have been described. The results of animal studies are 
encouraging and a number of viruses are now being evaluated in clinical 
trials. 
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AB We have recently shown that vesicular stomatitis virus (VSV) 
exhibits potent oncolytic activity both in vitro and in 
vivo(S. Balachandran and G. N. Barber, IUBMB Life 50:135-138, 
2000). In this study, we further demonstrated, in vivo, the 
efficacy of VSV antitumor action by showing that tumors that are 
defective in p53 function or transformed with myc or activated ras are 
also susceptible to viral cytolysis. The mechanism of viral 
oncolytic activity involved the induction of multiple 
caspase-dependent apoptotic pathways was effective in the absence of any 
significant cytotoxic T-lymphocyte response, and occurred despite normal 
PKR activity and eIF2alpha phosphorylation. In addition, VSV 
caused significant inhibition of tumor growth when administered 
intravenously in immunocompetent hosts. Our data indicate that 
VSV shows significant promise as an effective oncolytic 
agent against a wide variety of malignant diseases that harbor a diversity 
of genetic defects. 
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AB Vesicular stomatitis virus (VSV) is an essentially nonpathogenic 
negative-stranded RNA virus, the replication of which is extremely 
sensitive to the antiviral effects of interferon (IFN). We demonstrate 
here that VSV selectively induces the cytolysis of numerous 
transformed human cell lines in vitro, with all the morphological 
characteristics of apoptotic cell death. Importantly, VSV can 
also potently inhibit the growth of p53-null C6 glioblastoma tumors in 
vivo without infecting and replicating in normal tissue. With our 
previous findings demonstrating that primary cells containing the 
double-stranded RNA-activated protein kinase PKR and a functional IFN 
system are not permissive to VSV replication, these results 
suggest that signaling by IFN may be defective in many malignancies. Thus 
VSV might be useful in novel therapeutic strategies for targeting 
neoplastic disease. 
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